Patients with newly diagnosed schizophrenia (n = 27) or schizophreniform disorder (n = 22) and 24 healthy volunteers were investigated by CT scan, the investigators being blind to subject status. The patients had never received medication or had been treated only briefly with neuroleptics. The patients had significantly smaller brain volume and brain length than the controls. The patients had greater sulcal enlargement in the case of both Sylvian and interhemispheric fissures and surface sulci in the frontal and parietal regions. The sulcal enlargement was more pronounced in male patients and on the left hemisphere. The study revealed no enlargement of the lateral ventricles and only a trend towards enlargement of the third ventricle in the patients. The findings were not explained by substance abuse or level of education. cant physical or psychiatric illness, alcohol or drug abuse, or a history of major psychiatric disorder among first-degree relatives were not included. The controls underwent CT scans between 1 January 1990 and 1 November 1990.
In 1976 Johnstone et a! first reported that corn puterised tomography (CT) scans showed larger ventricular size in chronic schizophrenic in-patients than in normal controls. Since then more than 100 CT studies have been carried out (Shelton & Weinberger, 1987) . The focus has been on changes in size of the lateral and third ventricles, ventricle:
brain ratio (VBR), cortical atrophy, brain volume and brain asymmetries. Most studies have reported significant differences between schizophrenic patients and controls, with schizophrenic patients having larger VBR or wider third ventricle or sulcal enlargement and in a few studies smaller brains than the controls. However, only a few studies have been made on first-admission patients, thus reducing the in fluence of medication, institutionalisation and long duration of illness on the brain-structure findings. Four of the CT studies of first-admission patients have reported increased VBR in the patient group (Nyback eta!, 1982; Weinberger et a!, 1982; Schulz eta!,1983; Turnereta!,1986) , whilethreestudies (Benes et a!, 1982; Owens et a!, 1985; Scottish Schizophrenia Research Group, 1989) found no ventricular enlargement, although one of these (Scottish Schizophrenia Research Group, 1989) found sulcal enlargement in the schizophrenic group.
The above-mentioned studies, however, have many methodological shortcomings: not all patients were first-episode patients; level of education, neurological problems and alcohol abuse were not always controlled; and not all studies included a reference group of healthy volunteers. DeLisi et a! (1991) recently made a magnetic resonance imaging (MRI) study incorporating 30
first-episode patients with schizophrenia-like psy choses, 15 patients with chronic schizophrenia and 20 controls. The lateral-ventricle size was increased in first-episode schizophrenics and chronic schizo phrenic patients, the left side being most impaired.
Only chronic schizophrenic patients had reduced temporal-lobe size, which was also most pronounced on the left side. Follow-up studies including patients who had been ill for several years at the time of the initial scan (Nasrallah et a!, 1986; Illowsky et a!, 1988; Vita et a!, 1988 ) and one including first admission patients (Sponheim et a!, 1991) have not revealed any progression in VBR or cortical atrophy. At present there is substantial evidence that chronic schizophrenic patients have enlargement of ventricles and unequivocal enlargement of sulci. The question of whether these structural changes are present in first-episode schizophrenia and the clinical relevance of the findings have not yet been elucidated.
In the search for further clarification we have per formed a prospective study comprising CT scanning of all psychotic patients in Copenhagen admitted for the first time.
Method
Patients consecutively admitted to psychiatric hospital for the first time who met the DSMâ€"IIIâ€"R criteria (American Psychiatric Association, 1987) Only six patients had abused drugs; all of these had abused alcohol or cannabis as well and they were thus categorised as abusers.
Three patients years before had experienced accidents and had suffered from central nervous system trauma and unconsciousness lasting from two hours to three days. The Cf values for these three patients were compared with those for the other patients, but they did not constitute outliers and thus they were included in the analysis.
For all patientsthis wasthe first time that they had been admitted to psychiatric departments. However, previously a few patients had been in very brief contact with the hospital (e.g. some had stayed overnight in a psychiatric emergency room) and some had consulted a psychiatrist outside the hospital.
CT measurements
The CT scans were obtained on a Siemens Somatom DRG scanner depicting12 slices (0.8cm thick)through the brain, parallel to and starting 1 cm above the orbitomeatal plane.
The scanner was routinely checked once a month with phantom measurements. In the whole study period the variation in attenuation within the relevant range and across the whole field was within Â± 2 Hounsfield units (HU). The variation in linear and area measurements was checked by phantom measurement and throughout the study period for 0.8cm thick scans was within Â±0.5mm. The scanner was calibrated before every scanning.
The delineation of the brain and the brain ventricles was computerised (high lighting) according to a present density discrimination level. All measurements were made blind as to diagnosis (schizophrenia, schizophreniform disorder or healthy volunteer).
The following parameters were estimated. The lateral ventricle area and brain area were calculated for each hemisphere according to the following procedure. The highest scan incorporating the lateral ventricle was identified.Starting three scansabovethis and terminating four scans below it, the areas of cerebrospinal fluid (CSF) (absorption range â€"¿ 2 to20 HU), braintissue (absorption range 20 to 100HU) and the lateral ventricle(absorption range -2 to 20 HU within a manually defined circum ferenceclose around the ventricle)were determined. The areas of the temporal horns (right and left), third ventricle and cisterna pineale were determined by a similar procedure. The cisterna pineale is the name we have given to the space just below the splenium corporis callosi, behind the corpus pineale and above the vermis of the cerebellum. In reality, this space consists of parts of the cisterna venae magnae and cisterna laminae quadrigeminae.
Brain volume, ventricle volume, and volume of CSF spaces were calculated as volume = @ area in all measured slices x 0.8 ml Lateral VBR was calculated for each hemisphere and for the whole brain as The temporal horn : brain ratio, cisterna pineale: brain ratio, and third ventricle: brain ratio were calculated by similar procedures. The third ventricle : brain ratio was calculated twice, once as the volume of third ventricle relative to the brain volume in the slices where the third ventricle was identified, and once as the third-ventricle volume relative to the whole-brain volume.
Healthy volunteers

In=21)Patients
Computer calculations were made by three raters (one trained neuroradiologist (AK) and two reliable radio graphers). For 10Â°lo of the participants the measurements were made by all three raters. Pairwise the differences between the raters' measurements were plotted against the means of their measurements. There was no sign of the The frontal index was calculated as the greatest width of the frontal horns divided by the width of the brain at thesame level, x 100;thecaudalindexwas calculated as â€"¿ @---â€" 17.22 thegreatest widthof thefrontal hornsmeasured overthe E 17.0 â€¢¿ nucleus caudatus dividedby the width of the brain @ = : 167 â€"¿ 16.92 atthesame level, x 100;thethird-ventricle indexwas cal-6 culated asthegreatest widthofthethird ventricle divided by o the width of the brain at the same level, x 100; the plexus index was calculated as the distance between the centre of the 160 â€"¿ @--16.03
calcified choroidplexusseeninthetrigonumareasdivided by the width of the brain at the same level, x 100 (Fig. 1 ). = The length and width of the brain were measured manuallyatthescanwhere thesewere largest. The length and width of the fourth ventricle and the septum caudatum distances were measured manually as well. The widths of 15.0 the fissura interhemispherica, the fissura Sylvii, the most posterior vermal sulcusand the cisterna ambiens were measured manually.
Sulcal enlargement was estimated on a four-point scale in fourcortical regions â€"¿ frontal, temporal,parietal and _____________________________________ occipital â€"¿ ineach hemisphere. 
Whole brain
In the patients and in the healthy volunteers, the right hemisphere was larger (by 7-21%) than the left hemisphere.
No difference intheright :left ratio was found betweenthe groups.
The patients had significantly smallerbrainvolumes bilaterally thanthecontrols (P<0.0l) (Table2).In Fig.2 the distribution of brain volume is shown for each sex separa*@ely. Ten of the male patients had smaller brain volume@ian any of the male controls. Three of the female patients had smaller brain volume than any of the female controls.
The length of the brain was also significantly smaller in the patient group than in the control group (P<0.002) ( Table 2 and Fig. 3 ).
These findings remained statistically significant after correctionfor differences in sex, age, height and handedness.
Brain surface
The patient group had significantly wider left fissura Sylvii than the healthy volunteers (P<0.001) ( Table 2 and Fig.  4) . The result remained statistically significant after correction fordifferences insex,age,heightand handed ness. The same tendency was present on the right side, although the difference did not reach significance. We performed analysis of variance considering interaction of side and diagnosis: this did not reach significance.
The patient group also had significantly wider fissura interhemispherica (P< 0.03) and significantly greater cisterna pineale : brain volume ratio (P'cz 0.03) than the control group (Table 2) .
The CSFBR was significantly greater in the patient group than in the healthy volunteer group (P<zO.00l): this was found in respect of both the right (P<0.002) and the left hemisphere (P<0.001) ( Table 2 ). The findings remained statistically significant after correc tion for differences in age, sex, height and handedness.
Sulcalenlargement
The degree of sulcal enlargement on the four-point scale isshown in Table 3 . In the frontal and parietal regions bilaterally and on the general sulcal enlargement scale bi laterally, the patient group had a significantly higher degree of sulcal enlargement thanhad thecontrols. Inthetemporal and occipital regions neither the patients nor the controls were abnormal, but in these regions tco the patients had larger sulci than had the healthy volunteers.
There were still significant differences on the sulcal enlargement scales after correction for differences in age, sex and handedness. 
Lateral ventricles
No difference was found in the lateral-ventricle volume between the patient and the healthy volunteers, neither when expressed as ventricle volume nor when expressed as VBR for the whole brain or for each hemisphere separately ( Table 2 ). The temporal horn: brain volume was measured separately in each hemisphere; however, no statistical differences between the patients and the healthy volunteers was found on theseparameters(Table2). Surprisingly,the Table 3 Sulcal enlargement (on scale 0â€"3) in patients and in healthy volunteers
Table4
Mean CT measurements inpatients with schizophreniform disorder, and healthyvolunteers healthy volunteers had larger lateral-ventricle volume than third-ventricle volume in the patient group when this volume the patients. wasconsidered asa proportionof thebrainvolumein the scans where the third ventricle was identified, but the lisirsi @ difference disappeared when third-ventricle volume was analysed relative to the whole brain volume (third There was a non-significant trend (P<0.06) towards larger ventricle: brain ratio).
that while sulcal enlargement may be present already during the first years of disease, the enlargement of lateral and possibly third ventricles may develop later on. The lateral-ventricle enlargement may reach a static state, as follow-up studies of chronic schizo phrenic patients have not indicated progression.
In a recent MRI study, DeLisi et a! (1991) found that although first-episode schizophrenic patients as well as chronic schizophrenic patients had enlarged lateral ventricles when compared with controls, the chronic patients had larger lateral ventricles than the first-episode patients, this being significant on the left side. The study, however, was not a follow-up one, but included different cross-sectional samples.
It is uncertain whether sulcal enlargement and lateral and third ventriculomegali are related or may not be exclusively genetically determined. In contrast, Nasrallah et a! (1983) found an association between VBR and family history of schizophrenia.
At present, a synthesis of fmdings in early schizophrenia and in chronic cases seems quite difficult; however, one hypothesis would be that cortical areas (mainly frontotemporal) are structurally involved from the onset of disease, whereas sub cortical structures (thalamus, striatum) are initially involved only through functional hyperactivity/ malfunction, possibly due to impaired frontostriatal feedback (Weinberger, 1987; Rubin et a!, 1991) . Subsequently, subcortical regions may be structurally impaired due to a â€˜¿ burn-out' effect of continuous hyperactivity (Rubin et a!, 1991) , this resulting in shrinkage of subcortical structures and clinical deterioration to the level of residual symptoms. Dopaminergjc blockade (e.g. with neuroleptics) may alter this process. This theory may explain the present findings as well as the lack of progressive structural change in chronic cases. The hypothesis is to be tested Indices None of the frontal, caudal or plexus indices revealed any differences between the patients and the normal healthy volunteers. For the third-ventricle index a non-significant trend(P< 0.06)was found towardsa larger indexin the patient group than in the healthyvolunteers.
Results for patient subgroups
None of the healthy volunteers were alcohol! cannabisabusersaccording to thedefinition above,while 18(37%) of thepatients werenon-abusers. Thus the1-tests and the i-tests were repeated with the non-abuser patients and the healthyvolunteers. All the above-mentioned statistically significant findings, with the exception of parietal sulcal enlargement, fissura interhemispherica, and cisterna pineale: brainratio, were found alsoafter analysis of theresults forthenon-abusing patients and thehealthy volunteers. Additionally, the third-ventricle index was significantly higherinthenon-abuserpatient group than in thecontrolgroup (P<0.02) (Table2).
All the healthy volunteers had a level of education corresponding to General Certificate of Education level or higher, while this was the case for 29 (59%) of the patients. The analyses with 1-tests and x2-tests were repeated with the educationally matched patient group and healthy volunteer group. All the above-mentioned statistically significant findings persisted in the analyses with the educationally matched patient group (Table 2) . Table 4 shows the CT measurements in the group of healthy volunteers and in the groups of patients with schizo phrenia and schizophreniform psychosis separately. In the sulcal-enlargement scores and the CSF (spaces)!brain ratio, the patients with schizophreniform psychosis took up an intermediate position between the healthy volunteers and the schizophrenic patients. However, on other parameters such as brain length and brain volume, the values for the patients with schizophreniform psychosis were very close to those for the schizophrenic patients.
Discussion
This study of patients admitted for the first time with schizophrenia or schizophreniform disorder is in conformity with previous studies (Benes eta!, 1982; Nybach eta!, 1982; Schulz eta!, 1983; Turner eta!, 1986) , where structural brain changes were detectable in the early phase of the disease. We found both sulcal enlargement and a trend towards volume enlargement of the third ventricle, but no signs of lateral-ventricle enlargement. Larger VBR has been the most common finding in CT studies and it is thus somewhat surprising that we did not find it in this material.
However, another study of first-episode schizo phrenic patients (Scottish Schizophrenia Research Group, 1989 ) also reported sulcal enlargement without ventriculomegali. This opens up the possibility In our study the left fissura Sylvii was significantly wider in the patients than in the healthy volunteers, whereas the difference did not reach significance on the right side. Although there was no significant interaction between diagnosis and side, the results suggest an asymmetrical temporal-lobe reduction in the patients. Two other studies (Falkai et a!, 1992;  Crow eta!, 1992)have measured the length of fissura Sylvii and found it reduced, but only on the left side.
The difference in volumes in the two hemispheres, with the right hemisphere being larger, is somewhat surprising, as the post-mortem study by Crichton Browne (1879) did not find this asymmetry. Most CT, MRI and post-mortem studies do not report brain volume for each hemisphere separately, making knowledge in this area sparse. In our study, brain volume was calculated from eight CT slices, excluding the upper and lower parts of the brain, which leaves the possibility that the whole brain is less asymmetrical.
The fact that the left lateral ventricle was greater than the right would predict a larger right-hemisphere brain volume, although the magnitude of difference we found cannot be explained by this fact alone. At present we have no evident explanation of the finding. The present study indicates quite severe sulcal enlargement as well as smaller brain volume, shorter brain length and possible left temporal lobe reduction in first-episode schizophrenia and schizophreniform disorder. The lateral ventricles were-not abnormal, thus suggesting that at least macroscopic impairment was confined mainly to cortical structures at this early stage of disease.
at reinvestigation of the present cohort of patients and controls.
Our finding of smaller brain volume in the patient group is in agreement with reports made by Andreasen et a! (1986) , Pearlson et a! (1989) and Schwarzkopf eta! (1991) , who found smaller cerebral and cranial size in CT and MRI studies. But Andreasen et a! (1990) were not able to reproduce the fmdings in a subsequent study where the controls were educationally matched to the patients. However, the schizophrenic patients in Andreasen et a!'s first study (1986) had smaller cranial area than the educationally matched controls for the second study (1990) . Also, post-mortem studies have indicated smaller brains in schizophrenic patients, the weight of the fixed brain being 4.5â€"8% less for schizo phrenics than for controls (Pakkenberg, 1987; Bruton eta!, 1990) . Two post-mortem studies (Crow eta!, 1989; Bruton eta!, 1990 )also found a reduction in brain length similar to our finding on the CT scans. However, other also well controlled post mortem studies have not found brain reduction in schizophrenic patients (Heckers et a!, 1991) . In the present study the findings of greater sulcal enlarge ment and smaller brain volume were still significant when the educationally matched patients were compared with the healthy volunteers. The same was found concerning the subgroup of patients who were not substance abusers. Our measure of brain volume was based on eight CT scans excluding the uppermost and the lowest CT slices. This naturally leads to a somewhat lower brain volume than that obtained from post-mortem studies. Bruton eta! (1990) found mean brain weight to be 1346g in males and 1188 g in females in their schizophrenic group, and Pakkenberg (1987) found schizophrenic patients to have a mean brain weight (male and female) of 1266g. Our mean brain volume was 982 ml for the patients. Our method thus reduces brain volume by about one-third. However, as the same method was used in the healthy volunteers, the differences found between the groups seem real.
Some MRI studies reported smaller temporal lobes in chronic schizophrenic patients (Suddath et a!, 1989 (Suddath et a!, , 1990 DeLisi eta!, 1991) . The most pronounced difference in these studies was in the left temporal lobe. Crow eta! (1989) in a post-mortem study found a highly selective enlargement of the left temporal lobe, and enlargement of the lateral ventricles has been reported to be greatest on the left side (DeLisi et a!, 1991) . Crow (1990) suggested a relation ship between the schizophrenia disease process, asymmetrical brain development, and the gene or genes involved in normal asymmetrical brain development.
